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摘 要 
陶瓷纤维具有质轻、高强高模、耐高温、抗氧化、耐腐蚀等优异的性质，是
优异的树脂基、陶瓷基和金属基复合材料的增强体，在航空航天、军用以及民用
上都有着广泛的应用前景。陶瓷纤维作为一种重要的战略物资，对陶瓷纤维的研
究也一直是一个世界性的热点研究课题。在此背景下，本论文结合 PCS 先驱体
转化发制备 SiC 纤维和氮化热解制备 Si3N4 纤维的技术路线，以聚碳硅烷(PCS)
电子束交联丝为原料，在 NH3 气氛下，通过控制氮化温度来调控氮化深度，随
后在N2气氛下高温热解制备出一系列新型的具有梯度变化结构的SiNO/SiC纤维，
对该纤维的组成和结构进行了详细地研究，并且结合纤维的结构探讨了对性能的
影响规律。 
研究发现：SiNO/SiC 纤维氮化热解后陶瓷产率约为 76%。纤维引入的 N 元
素主要存在于 SiOxNy 和 Si3N4 结构中，并且 N 元素由表面到内部含量呈梯度形
式逐渐下降，碳含量则由表面到内部逐渐升高，而 Si 元素分布相对比较均匀；
随着氮化温度的升高，纤维中 C 含量下降，N 含量上升。SiNO/SiC 纤维的结构
模型为纤维表面以 SiOxNy和 Si3N4 而纤维芯部则以 SiC 和自由 C 组成；纤维表
面都致密光滑，横截面致密，无明显孔洞或者缺陷。当氮化温度为 550℃时，随
着热解温度的增加，纤维的力学性能有所降低，但是由于结晶性增加，纤维的电
阻率由 6.35*103 Ω•cm 下降至 6.00*10
2
 Ω•cm，对电磁波的吸收能力也相应得到提
高；当氮化温度为 600℃时，随着热解温度的增加，纤维的力学性能也有所降低，
但是由于纤维中 N 含量的增加，且没有达到 Si3N4 的结晶温度，纤维结晶性能变
化较小，电阻率和吸波性能变化不显著。 
关键词：碳化硅纤维；氮化硅纤维；氮化热解；梯度变化 
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Abstract 
Ceramic fibers have wide range of application prospects in the military and 
civilian as superb reinforcement of resin matrix, ceramic matrix, and metal matrix 
composites duo to its excellent properties such as light weight, high strength and high 
modulus, high temperature resistance, oxidation resistance and corrosion resistance. 
Ceramic fibers as important strategic resource, the study of ceramic fibers also have 
always been a hot research topic in the world. Against this background, a series of 
novel SiNO/SiC fibers with gradient structure were prepared by combined the 
technical route of preparation of SiC fibers by polymer derived ceramics(PDC) and 
fabrication of Si3N4 fibers by nitridation pyrolysis with Polycarbosilane(PCS), which 
using PCS electron beam cross-linked fibers as raw materials, adjusted nitriding depth 
by controlled nitriding temperature in the NH3 atmosphere and then pyrolyzed at high 
temperatures in N2 atmosphere. The composition and structural of the fibers were 
studied in detail, and the influence law on the properties was discussed in combination 
with the structure of the fibers. 
It was found that the ceramic yield of SiNO/SiC fibers were retained about 76% 
after nitridation pyrolysis, and it was slightly decreased with the increase of nitriding 
or pyrolysis temperature. The N elements introduced by the fibers are mainly present 
in the SiOxNy and Si3N4 structures, and the N element decreases gradually from the 
surface to the internal content, the Si elements is relatively homogeneous. The C 
content is decreased while the C is opposite with the increase of nitriding temperature 
due to the nitriding decarburization reaction. SiNO/SiC fibers structure model cauld 
be considered as the composed of combine SiOxNy, Si3N4 at the surface and SiC, free 
C at the core. Fibers surfaces are dense and smooth, cross-sections dense and no 
obvious holes or defects. When the nitriding temperature is 550℃, the mechanical 
properties of the fibers have somewhat decrease, but the resistivity decreases from 
6.35*10
3
 Ω•cm to 6.00*102 Ω•cm, the absorption capacity of electromagnetic waves 
is also improved accordingly with the increase of the pyrolysis temperature. While the 
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nitriding temperature rises to 600℃, the mechanical properties of the fibers also 
decrease, the change of fiber crystallinity is small due to the increase of N content in 
the fibers and did not reach the crystallization temperature of Si3N4, and the change of 
resistivity and absorbing property is not significant with the increase of the pyrolysis 
temperature. 
Key words: Silicon carbide fibers; Silicon nitride fibers Nitridation pyrolysis; 
Gradient change
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